The authors describe a simple, reliable, and quantitative assay to monitor exocytotic fusion of lamellar bodies (LBs) in adherent rat alveolar type II (AT II) cells. The assay is based on fluorescence measurements of LB-plasma membrane (PM) fusions modified for the use in multiwell culture plates to obtain a high-sample throughput. In particular, it is based on the presence of a highly light-absorbing dye in the cell supernatants to increase the specificity of fluorescence signals and to yield pseudoconfocal information from the cells. When the assay was tested with agonist-(ATP) and phorbolester-induced stimulation of LB-PM fusions, the authors found a good correlation with direct microscopic investigations based on single cell recordings. To further validate the assay, they used Curosurf at 10 mg/ml. However, it influenced neither the basal nor the ATP-stimulated rate of LB-PM fusions. This was corroborated by the fact that Curosurf had no effect on resting Ca 2+ levels nor the ATPinduced Ca 2+ signals. The results cast new light on previous findings that surfactant phospholipids decrease the rate of secretion in AT II cells in a dose-dependent way. The authors conclude that the inhibitory effect exerted by phospholipids might be due to action on a later step in exocytosis, probably associated with exocytotic fusion pore expansion and content release out of fused vesicles. (Journal of Biomolecular Screening 2006:286-295) 
INTRODUCTION
E XOCYTOSIS COMPRISES 2 PROCESSES, generally denoted as the prefusion and the postfusion phase. They are separated by an almost instantaneous event, the fusion of the secretory vesicle with the plasma membrane (PM), resulting in the formation of an aqueous channel-like exocytotic fusion pore. 1 In living cells, capacitance measurements with the patch-clamp technique provide the highest temporal resolution of this event, enabling the assessment of even flickering states (short, transient openings) of the initial pores. 2, 3 In addition to scanning and transmission electron microscopy 4 and atomic force microscopy, 5 several optical techniques such as epifluorescence, 6 differential interference contrast, 7 total internal reflection, 8 or confocal microscopy 9 have been used to image fusion pores or to distinguish fused from nonfused vesicles. In addition to ultrastructural observations, the postfusion phase, which is the expansion of the fusion pore and associated release of vesicle contents, can be recorded by chemical or scintigraphic analysis of cell supernatants or by amperometry. 3, 10 Apart from reconstituted fusion assays in cell-free systems, 11 none of the above approaches provide the possibility of high sample throughput for quantitative, time-resolved analysis of vesicle-PM fusion in living cells. Patch-clamp and microscopic methods are labor-intensive, time-consuming techniques per se. Considering, in addition, a very heterogeneous lamellar body (LB)-PM fusion activity in primary cultures of alveolar type II (AT II) cells, 12 moderate effects are detectable only by a fairly high number of single experiments. Bulk measurements of cell supernatants, on the other hand, can be run under paired conditions. However, they are usually associated with low temporal resolution. Even more problematic, the time course of release may poorly relate with the instance of fusion pore formation, a fact that is of particular relevance in investigations of AT II cells. 4, 13 AT II cells synthesize, store, and release pulmonary surfactant into the alveolar space. 14, 15 This material, a complex mixture of phospholipids and lipoproteins, is of vital importance for lung function, and its deficiency or dysfunction is a major cause of several respiratory diseases. 16, 17 The regulation of secretion in these cells is complex, involving hormones as well as local chemical and physical factors. [18] [19] [20] [21] [22] Substantial direct and indirect evidence indicates that Ca 2+ is a major 2nd messenger to trigger intracellular fusion events and to integrate a number of different stimuli into a common cellular response. [23] [24] [25] [26] [27] [28] [29] [30] [31] In addition, more recent data indicate that the postfusion phase is an important determinant of the secretory time scale. 4 This is evidenced by the fact that surfactant phospholipids accumulate in cell supernatants for much longer periods than compared to the rapid rundown of LB-PM fusion events within the cells. 12 In line with this, inhibitory effects on secretion by surfactant protein A (SP-A) were explained by action on a postfusion level rather than by acting on LB-PM fusions directly. 32 Thus, detailed information on type II cell regulation still requires study of both processes separately.
Most investigations on secretion have been carried out ignoring the AT II cell-specific microenvironment, in particular, a high concentration of surfactant in contact with the cells. Consequently, almost no information is available on surfactant effects on intracellular processes in AT II cells. By using fluorescent dyes, specifically trapped within prefused LBs, and by reducing extracellular background fluorescence to a minimum, the method described here can be used to both qualitatively and quantitatively follow the rate of LB-PM fusions in the continued presence of any supplemented extracellular material by a high-throughput fluorescent microplate reader instrumentation. Our results using this technique showed that Curosurf, a clinically used surfactant preparation, affected neither the rate of basal nor the rate of ATPstimulated LB-PM fusions even when applied at a fairly high concentration of 10 mg/ml to the cells.
MATERIALS AND METHODS

Cell preparation and fluorescence measurements
AT II cells were isolated from male Sprague-Dawley rats (180-200 g) according to the procedure of Dobbs and others, 33 with minor modifications. 12 Isolated cells were plated in sterile 96-well tissue culture plates with flat bottoms (Sarstedt, Newton, NC). Cells were incubated for 24 h in DMEM supplemented with 24 mM NaHCO 3 in a humidified 5% CO 2 atmosphere at 37°C. For dye loading, cells were incubated with 500 nM (unless otherwise indicated) LysoTracker Green DND-26 (LTG) for 30 min at 37°C in DMEM medium. Thereafter, the wells were rinsed 2 times with Ringer solution (see below) to remove unattached cells and remaining dye. The wells were then filled with 100 µl of the same solution containing Brilliant Black (BB) at the indicated concentrations and inserted into a fluorescence microplate reader (GENios Plus; Tecan, Salzburg, Austria). The measurements were started using a kinetic protocol of 3-min cycle time between completion of a full plate reading. LTG-loaded cells were excited by 3 consecutive light flashes directed through a 485-nm bandpass filter onto the bottom of the culture plates. Three flashes were used as this mode of measurement provided the best results regarding signal stability and sample throughput. Emission light was collected by a 535-nm bandpass filter from the bottom of the plates and integrated over 2 ms for each well. To add the test substances, the plate had to be shortly removed from the instrument during a kinetic cy-cle. A total of 100 µl Ringer solution containing agents and BB was added to each well by using an 8-channel pipette. Mixing was accomplished by 2 pipette strokes. The same volume and fluid composition was added to control wells, containing cells but lacking LTG. Final volume and BB concentration were therefore identical in all wells and amounted to 200 µl of 2 mg/ml, respectively. This maneuver was accomplished within 2 consecutive measurement cycles of the plate reader and was performed under light protection. Data acquisition was performed with XFluor4 Ver. V4 (Tecan) and analyzed using Microsoft Excel (Redmond, WA). For independent life cell imaging, we used an inverted microscope (Zeiss 100; Oberkochen, Germany) equipped for epifluorescence measurements and image analysis (TILL Photonics, Gräfelfing, Germany) as described by Haller and others. 12 For intracellular Ca 2+ measurements, coverslips with fura 2-AM (Molecular Probes, Austria)-loaded cells (1 µM; 15 min at 37°C) were mounted into a perfusion chamber and alternately excited at 350 and 380 nm using a Zeiss 40×Fluar NA 1.3 objective and appropriate emission filter sets essentially as described earlier. 29 Prior to ratio calculations, the background was subtracted for each wavelength separately.
Cell number and confluence analysis
Cell number was determined after trypsinization of adherent cells using a hemocytometer. These data were cross-checked for each single well with a resazurin fluorescence assay, which was performed according to O'Brien and others. 34 Confluency of cells was estimated by microscopy and expressed as a percentage of total well area.
Solutions and reagents
Ringer solution contained, in mM, 140 NaCl, 5 KCl, 1 MgCl 2 , 2 CaCl 2 , 5 glucose, and 10 HEPES (pH 7.4 at 25°C). LTG was purchased from Molecular Probes, BB from MP Biomedicals (Heidelberg, Germany), and Curosurf from Nycomed (Linz, Austria). All other chemicals were obtained from Sigma-Aldrich (Vienna, Austria). All experiments were performed at room temperature.
Data analysis
Fluorescence intensities from individual wells were background corrected by subtracting the signals obtained from unlabeled (i.e., LTG lacking) but otherwise identically treated cells. Data were expressed as relative fluorescence units (RFUs). For fusion kinetic analysis and dose-response curves, RFU values were then normalized in each experiment to the initial values obtained after the 1st measurement cycle (at time 0 = 100% RFU). As described below, this was necessary to normalize differences in cell number between wells. Treated cells were compared with untreated timematched controls by calculating the differences between both groups (∆% RFU). ∆% RFU is then plotted as positive values to emphasize the higher number of fused vesicles in the treatment Exocytosis Fluorescence Microplate Assay group. For each experiment, data from at least 16 wells from at least 2 independent animal preparations were used to calculate the arithmetic mean ± SE. Data were compared by t-test and 1-way ANOVA, in which the statistical significance was taken as p < 0.05. (Fig. 1A) .
RESULTS
Labeling of rat type II cells with LTG results in bright fluorescent signals because of its partitioning into acidic LBs
These signals are stable in nonexocytosing cells, provided that time and intensity of the excitation light are sufficiently reduced. In contrast, fusion of single vesicles results in a localized loss of fluorescence due to release and subsequent dissipation of the dye in the extracellular space. 12 However, when using the bulk signal obtained in a microplate reader, these small fluorescence changes might be considerably masked by trace amounts of LTG in the extracellular fluid due to incomplete washout after dye labeling and/or dye redistribution following exocytotic release. Furthermore, unspecific signals can also result from cellular autofluorescence as well as scattered and reflected light. To eliminate such background signals, we aimed at applying a highly lightabsorbing dye (BB) to the supernatants of labeled cells. As shown by microscopy ( Fig. 1B) , it quenched background almost completely and restricted the fluorescence specifically to intracellular sites (LBs). As also shown (Fig. 1C) , the overall fluorescence pattern remained essentially unchanged even after a 60-min incubation at a high BB concentration (2 mg/ml), although a general decrease in intensity was observed. The occasional complete disappearance of distinct fluorescent spots may be due to spontaneous LB-PM fusions.
In Figure 1D , we show that BB quenched background fluorescence of a 96-well filled with pure LTG solution in a dosedependent manner, and concentrations greater than~0. the signal was even lower than in empty wells, demonstrating that scattered or back-reflected light is reduced as well. The results were obtained from 200 µl of a 100-nM LTG solution. This amount of dye should greatly exceed the small quantities of LTG released during LB-PM fusions into the extracellular solution, as well as small impurities that might remain attached to cells after incubation. The quenching effect of BB is due to absorbing the excitation light used for LTG along its path into the cell supernatant and similarly to absorb any fluorescence emission on its way back to the light-sensing unit (an absorption spectrum of BB is shown in Fig. 1E ).
Several tests have been performed to analyze and optimize the specificity of the signal from LTG-labeled cells. As shown in Resafurin production is linearly related to number of adherent cells per well. (E) Resafurin production after a 30-min incubation of cells with extracellular BB at varying concentrations. BB had no significant effect when applied up to 2 mg/ml (p = 0.48; 1-way ANOVA). However, at 4 mg/ml, this decrement was significant (p < 0.01). RFU = relative fluorescence unit. mg/ml had no significant additional effect on signal reduction. From these results ( Fig. 2A, B) , as well as from direct microscopy, we were confident that fluorescence is recorded in microplates from LBs specifically. Obviously, sensitivity of measurements can be largely increased when cells are loaded at high LTG concentrations. However, to minimize possible side effects, an LTG concentration of 500 nM was used for subsequent experiments.
Second, we tested whether the LTG signal is related to the cell number and viability of the cells grown in the microplates. Figure  2C revealed a linear relation of fluorescence to the applied cell density (r 2 = 0.99). Higher cell densities (resulting in confluencies >60%) have been avoided because this resulted in a partial piling up of cells into multilayered stacks with a considerable fraction of damaged cells (not shown). Indeed, the sensitivity of the assay, in particular when using a high LTG concentration (>1 µM), would still be sufficient to measure much lower cell numbers (<4000/ well, corresponding to a confluency <2%). Under these conditions, a signal-to-background ratio >3 was still present (not shown). Thus, to optimize our studies, cell confluencies in the range of~50% have been used for all subsequent experiments. In addition, the linear relation depicted in Figure 2C can be used as an estimate of the actual cell density/well and to convert the absolute fluorescence readings into a percentage scale. When cell number was determined by a hemocytometer (Fig. 2D) , it was found to be proportional to the metabolic activity measured with the resazurin reduction assay (r 2 = 0.99). This additionally supports that LTG-fluorescence is a suitable parameter for the amount of viable cells. Finally, in Figure 2E , we tested whether BB is toxic to these cells. As shown, a 30-min incubation with BB had no significant effect up to 2 mg/ml (p = 0.48), whereas at higher concentrations (4 mg/ml), a significant (p = 0.01) decrement in resafurin production could be observed. This demonstrates that BB can principally be used within a certain range of concentrations, whereas higher concentrations in combination with long incubation times should be avoided.
In a next set of experiments, we tested whether the LTG signal in the presence of BB is sufficiently stable over time. These experiments revealed that it is sufficiently stable but progressively declines with increasing BB concentrations used (Fig. 3A) . This result could be interpreted in several ways. Most obviously, it could be the result of a progressive photobleaching of LTG after each single measurement. However, this could be ruled out because the decline became less pronounced when the BB concentration was reduced and disappeared completely without BB in the wells. To test for the additional possibility that BB interferes with LTG fluorescence, we used Trypan Blue as a chemically distinct lightabsorbing dye. As shown (Fig. 3B) , the decrease was still observed, suggesting independence of the chemicals used. As a 3rd possibility, the decline could be the result of ongoing LB-PM fusions. If this is indeed the case, it should slow down when exocytosis is completely blocked. However, BAPTA-AM, a potent inhibitor of all forms of exocytosis in these cells, 26, 27, 29 did not change the rate in fluorescence decay (Fig. 3C) , essentially ruling out this possibility. Conversely, ATP during a microplate measurement caused a strong additional acceleration of fluorescence loss compared to untreated controls (Fig. 3D) . This result is consistent with the strong stimulatory effect of ATP on exocytosis in type II cells and points to a pronounced loss of dye-filled vesicles. Because this acceleration of fluorescence loss is certainly due to LB-PM fusions, we have no explanation of the linear fluorescence decay in untreated cells except that it might be the result of an unspecific, BB-induced interference with LTG fluorescence (see the "Discussion" section).
The difference between ATP-stimulated and -untreated control cells is plotted in Figure 3E . This type of analysis eliminates the time-dependent baseline drifts, thus revealing the intrinsic difference between both groups (expressed as ∆% RFU). Addition of ATP results in a rapid increase of ∆% RFU, reaching stable values after several minutes. Because LBs are the almost exclusive sites of LTG storage, any increase in ∆% RFU is most likely due to stimulated LB-PM fusions and hence reduction in the number of LTGlabeled vesicles. The rapid onset of ∆% RFU after stimulation, and its early termination (within~20 min), was a persistent finding in these cells and corresponds to earlier microscopic observations. 12 To further corroborate these findings, dose-response curves with ATP ( Fig. 4A,B) , phorbol 12-myristate 13-acetate (PMA; Fig. 4C, D) , and both stimuli in combination (Fig. 4E, F) were established. Either mode of treatment is known to induce a strong exocytotic response: ATP via purinergic receptor stimulation, Ca 2+ mobilization and DAG formation, and PMA by activation of PKC. In combination, both secretagogs show an almost additive effect. 27 According to published data, 35, 36 ATP was effective in the µMrange, reaching a maximum potency ≥100 µM. At this concentration, LTG fluorescence decreased by~7% over controls within 30 min. PMA, on the other hand, was considerably more effective, 31 acting at concentrations as low as 5 nM. It decreased LTG fluorescence by~11% at 500 nM and showed a different time course than compared to ATP. When both secretagogs were given in combination, the stimulatory effect was nearly additive. From these experiments, we conclude that the microplate assay is a sensitive measurement of LB-PM fusions in these cells.
An important aspect of this method also concerns its specificity to record LB-PM fusions independent of the extracellular solute composition. In particular, it allows studying intracellular responses in the presence of high amounts of pulmonary surfactant. Without light-absorbing dye, as introduced here, this would result in both profound light scattering and unspecific fluorescence that severely interfere with microplate measurements (not shown). In Figure 5A , we demonstrate the feasibility of measuring the fusion activity of type II cells in the presence of a clinically wellestablished porcine surfactant (Curosurf). At the indicated time, Curosurf was added to yield a final concentration of 10 mg/ml. As shown in Figure 5A and 5B, its addition slightly decreased % RFU at an early stage of ATP-induced LB-PM fusions (at time 15 min, p < 0.05), but this decrease was abolished after 25 min. This result suggests that Curosurf might only weakly interfere with intracellular processes within that short period of time. As this result was unexpected in the light of previous findings, 37, 38 we further analyzed, by fura 2-ratio imaging microscopy, whether Curosurf is noneffective on spontaneous as well as evoked intracellular Ca 2+ signals. As shown in Figure 5C , it neither enhanced the resting Ca 2+ levels and did not modulate the ATP-dependent response to a considerable extent, confirming the above results. An overall effect of Curosurf therefore seems not to be present.
DISCUSSION
Assays to study exocytotic vesicle fusions with high yield and efficiency would be very desirable in toxicological, pharmacological, clinical, and biochemical research. However, as noted in the "Introduction," medium-to high-throughput fusion assays involving living, intact cells are barely present. The method presented here offers the following advantages over conventional techniques: 1) Many different drugs or substances can be tested simul- taneously. This is of particular importance in toxicology considering, for example, the approximately 4500 organic compounds found in cigarette smoke with potential harmful effects on type II cell functions. 2) Results from each single measurement may be compared with appropriate controls within the identical experimental setting, allowing statistical analysis in a paired fashion. 3) The sampling rate of fluorescence data can be set to obtain an almost continuous record of LB-PM fusions. 4) Instrumental handling, data readout, and analysis are robust, rapid, and simple.
Exocytosis Fluorescence Microplate Assay
Specificity and applicability of the fusion assay as introduced in this study have been tested in various ways or can be inferred from previous studies: 1) LTG specifically accumulates in acidic organelles, including LBs as the most abundant intracellular pool of such compartments in rat type II cells. 12 2) Background fluorescence is quenched by a highly light-absorbing dye, rendering the intracellular signals to be more specific. 3) Labeling of LBs is dependent on protonation and therefore is an indirect measure of the cell's energy status, Ca 2+ homeostasis and viability. 39 . 3D ). Data were fit to an exponential equation (except controls). (B) ATP dose-response curve calculated from experiments shown in A. As indicated, the difference in ∆% RFU between control and ATP-treated cells was calculated 30 min after addition of ATP. Curves were fit to a 2-parameter logistic function. (C) ∆% RFU in the presence of varying concentrations of phorbol 12-myristate 13-acetate (PMA). ∆% RFU measured from 0 to 30 min. Data were fit to an exponential equation (except controls). (D) PMA dose-response curve calculated from experiments shown in C. As indicated, ∆% RFU between control and PMA-treated cells was calculated 30 min after addition of PMA. Curves were fit to a 2-parameter logistic function. (E) Comparison of both time course and extent of loss of dye has been shown to occur during LB-PM fusions. 12 5) LTG fluorescence is linearly related to cell number and, as assessed by an indirect approach, to the cell's metabolic activity. 6) The cells remain functionally intact over the entire experimental period of up to 60 min. This is evidenced by their responsiveness to 2 different stimuli, which act via a different pathway and require intact plasma membrane: ATP acts primarily by binding to a P 2Y cell membrane receptor with subsequent DAG formation and IP 3induced Ca 2+ release, and PMA by activating the PKC signaling cascade. 30, 35 7) The stimulus-specific responses, fast in the case of ATP and slow in the case of PMA, were as reported previously. 27 8) The dose-response curve for ATP corresponds to published data. 35,36 9) Finally, both stimuli were nearly additive as reported elsewhere. 27 From this evidence, we conclude that the assay reported here is a reliable method to study, on a quantitative and time-resolved basis, LB-PM fusion events in rat alveolar type II cells. It thus may help to establish a validated functional test for pulmonary alveolar function or dysfunction. However, this important goal will still require testing it with a set of referenced, pharmacologically relevant compounds, which is not yet available.
Brilliant Black is a synthetic dye that is certified as safe and permitted for use as a food additive in several countries. Beside some studies that were able to demonstrate a genotoxic and mutagenic effect in human and other cells, 40 short-term effects on cellular metabolism have not yet been investigated. For our purposes, BB served to quench extracellular fluorescence and to enhance signalto-background ratios. Because it remained excluded from the cell interior for hours, we were confident that it can be used for periods entirely sufficient to monitor the LB-PM fusion activity. Additional tests also demonstrated no significant toxicity of BB up to rather high concentrations and incubation times. Furthermore, and importantly, all results were obtained by comparison with control cells exposed to the same BB concentrations. Probably the best indications that cellular viability is not severely affected during short-term BB incubation are the above-mentioned results obtained by stimulation with ATP and PMA. However, 1 issue could not be resolved sufficiently. BB, as did Trypan Blue, progressively and dose dependently diminished LTG fluorescence over time. As mentioned in the "Results" section, this is neither due to stimulation of these cells nor to enhanced photobleaching of LTG. Because both chemicals should not cross intact cell membranes because of their structure and polarity, a slow diffusion into the cells is unlikely. Thus, we can only speculate that both chemicals slowly, but continuously, enter the cells by other routes, for example, via endocytosis or unknown carriers, and interfere with LTG fluorescence inside the cells. Further studies will be necessary to clarify this issue or to screen for other suitable compounds that do not show this effect.
To obtain the most reliable results, we found the following methodological aspects useful: 1) Cell density should be kept at a value that results in a confluency of~50%. 2) LTG should be applied at a medium-high (e.g., 500 nM) concentration and be protected from light. 3) After a 30-min labeling, wells should be carefully washed to remove any remaining dye. 4) BB should be applied around 0.5 to 1 mg/ml. Higher concentrations (e.g., 2 mg/ ml) can be applied in case of highly fluorescent and/or lightscattering extracellular components. 5) A careful background correction should always be done. The best way we found to perform background correction is to run an adjacent control well with the same number of unlabeled cells for each well of LTG-labeled cells. However, all other experimental steps are performed in both wells identically and simultaneously. This protocol decreases disturbances caused by experimental handling, and the remaining signal above background should be entirely due to internalized LTG.
The system described here is specifically suited to study adherent epithelial lung (AT II) cells. These cells are vitally important for lung function because they produce and secrete pulmonary surfactant, thereby stabilizing the alveolar units and protecting against various pathogens. 41 Thus, these cells have been used for many studies on the regulation of surfactant release and turnover. 42 In case of surfactant dysfunction such as adult respiratory distress syndrome and infant respiratory distress syndrome, exogenous surfactant is applied in ventilated patients via intratracheal administration. 43 To overcome the amount of endogenous surfactant inhibitors, particularly relevant in the treatment of the meconium as- piration syndrome, a large quantity of surfactant is necessary for therapy. In the clinical situation, surfactant distribution in pulmonary airways is dependent on the ventilation rate. At 20 breaths/ min, radiolabeled surfactant was found to localize and to accumulate in the gravity-dependent region of the lung. 44 The treatment is very effective; however, it cannot be excluded that surfactant accumulations at high concentrations might locally interfere with epithelial cell functions. In particular, it is not known whether the patency of the lungs is a consequence of the remaining exogenous surfactant or due to stimulation of the alveolar type II cells directly. 45 Curosurf is produced from minced pig lungs and consists of 99% phospholipids (70% phosphatidylcholine) and 1% hydrophobic surfactant proteins (SP-B and SP-C). Besides lecithin, Curosurf contains a variety of minor lipids, such as plasmalogens, polyunsaturated fatty acid-containing phospholipids, and cholesterol. 46, 47 To study possible effects of Curosurf on type II cell function, we applied it at a final concentration of 10 mg/ml. This concentration is considerably higher than the phospholipid concentrations used in previous investigations on AT II cells. 37, 38 However, such high concentrations might well be present in normal as well as treated lungs as described above. According to our results, addition of Curosurf did not change the rate of fluorescence decay in either control groups or in ATP-treated cells, suggesting that it has no obvious immediate effects on vesicle fusion. This finding was corroborated by live cell imaging demonstrating no effect on resting Ca 2+ levels nor the overall ATP-induced Ca 2+ signals. This result is astonishing because a strong dose-dependent inhibition of release by phospholipids was found by Dobbs and others 38 and Suwabe and others. 37 Most intriguingly, inhibition was observed at concentrations in a µg/ml range, which is considerably lower than those we used in our study. The only essential difference to the present study is the fact that these authors measured the amount of secreted material, whereas in our experiments, the intracellular processes that precede secretion are recorded. As outlined above, and explained in Figure 6 , our assay detects the fusion of storage vesicles, and this process must be clearly distinguished from release. As another example, Bates and others 32 have shown that SP-A is a potent inhibitor of secretion but not of vesicle fusion. These results have been interpreted in line with our previous findings that the exocytotic fusion pore is a rate-limiting structure and probably subject to different mechanisms of regulation. Therefore, to reconcile our findings with other reports, we suggest that Curosurf might well have an inhibitory effect on the dynamics of the fusion pores but not on the fusion machinery. However, additional experiments are necessary to clarify this important cell biological phenomenon. 
